OBJECTIVES: The aim of this study is to investigate the factors contributing to the progression of functional tricuspid regurgitation (TR) after mitral repair for degenerative mitral regurgitation (MR) in relation to pre and postoperative atrial fibrillation (AF) and performance of the maze procedure.
INTRODUCTION
Functional tricuspid regurgitation (TR) is frequently observed in patients with significant left-sided valve diseases. Although successful left-sided valve surgery may improve tricuspid valve (TV) function spontaneously [1] , TR has been reported to progress in a significant proportion of patients who undergo surgical correction of left-sided cardiac lesions [2] . This pathological process has been attributed to pulmonary hypertension, tricuspid annular dilatation and right ventricular (RV) dysfunction [3] . Moreover, postoperative TR can contribute to significant morbidity and mortality [4] .
Atrial fibrillation (AF), which is also commonly associated with valvular heart diseases, has been reported to be an independent predictor of mortality and late stroke after mitral surgery [5, 6] .
Several recent studies have shown that postoperative persistent AF can also contribute to the worsening of TV function after mitral valve (MV) surgery, whereas the maze procedure has been found to protect against TR aggravation [7] [8] [9] [10] . Since postoperative AF and TR are time-related events, their causal relationship should be carefully examined with appropriate statistical methods. In this regard, previous studies have been limited by examining the two events without considering their time sequence, by defining events only on last follow-up and by the heterogeneity of left-sided heart lesions. We, therefore, determined the risk factors for postoperative TR aggravation in a homogeneous population with degenerative mitral regurgitation (MR) undergoing isolated MV repair by using a valid statistical method to delineate relationships between these time-related events.
MATERIALS AND METHODS

Patients
From January 1999 to January 2010, 521 patients underwent isolated MV repair for degenerative MR in our institution. After excluding patients with moderate or greater TR preoperatively and those who underwent concomitant TV repair, we identified 398 subjects for inclusion in this study. The study protocol was approved by the Ethics Committee/Institutional Review Board of our institution, and the informed consent from individual patient was waived by the board due to the retrospective nature of this study.
Echocardiographic evaluation
All patients underwent two-dimensional echocardiographic analysis and Doppler colour flow imaging using a Hewlett-Packard Sonos 2500 or 5500 imaging system equipped with a 2.5 MHz transducer (Hewlett-Packard, Andover, MA, USA) within 2 months before the operation. Preoperative transoesophageal echocardiography was also performed for more accurate analysis of MV morphology.
MR was detected and semiquantitatively graded as trace, mild, moderate and severe using Doppler colour flow imaging [11] . TR was evaluated using the apical four-chamber view, with jet areas <10, 10-20, 20-33 and >33% of the right atrial area graded as trace, mild, moderate and severe, respectively.
Surgical procedures
Surgery utilized a median sternotomy approach in 241 patients (60.6%) and a right anterolateral mini-thoracotomy approach in 157 patients (39.4%). The sternotomy approach utilized conventional ascending aorta and bicaval cannulation, whereas the minithoracotomy approach involved peripheral cannulation through the right internal jugular vein and right femoral artery and vein. Myocardial protection during conventional sternotomy was achieved with antegrade and retrograde tepid blood cardioplegia and during the mini-thoracotomy approach with antegrade cold crystalloid cardioplegia. After cardioplegic arrest and aortic crossclamping, the MV was exposed through the interatrial groove. Concomitant modified maze procedures were performed in 68 patients (17.1%), and the detail of which has been already described [8] . Eleven out of 79 patients who had preoperative AF did not undergo a concomitant maze procedure. The reasons for omitting the maze procedure were the presence of a giant left atrium (LA) (>70 mm) in five patients, paroxysmal AF in two patients in expectation of spontaneous sinus rhythm recovery, patients' refusal in two cases and severely rotated heart in one patient where surgical exposure was very difficult for the procedure. The risk of surgery was expected to be very high [very low left ventricular (LV) ejection fraction] in one patient; therefore, the maze procedure was not combined to minimize cardiac ischaemic time.
Follow-up
Clinical and echocardiographic data were obtained through August 2011 during biannual visits of each patient to the outpatient clinic. Operative mortality was defined as death within 30 days of surgery or in hospital. Data on vital status, dates of death and causes of death were obtained from the Korean National Registry of Vital Statistics. Major adverse clinical outcomes were defined as all-cause death and valve-related complications, the latter including thrombo-embolism, reoperation, infective endocarditis and warfarin-related haemorrhage.
Twelve-channel electrocardiograms (ECGs) were obtained once daily during the first week after the surgery and whole through the hospitalization period for the patients with concomitant maze procedures or with immediate postoperative AF. Follow-up ECGs were performed at three-6-month intervals during the first 2 years and every year thereafter. Any AF events during the initial postablation blanking period of 3 months were defined as early AF events. Any episode of AF, atrial tachycardia or atrial flutter beyond the initial blanking period was defined as a late AF event.
The endpoint of this study was defined as the time to the first detection of moderate or greater TR on postoperative echocardiographic evaluations.
Statistical analysis
Categorical variables were presented as frequencies and percentages and were compared using the χ 2 test or Fisher's exact test. Continuous variables were expressed as mean ± standard deviation (SD) or medians with ranges and were compared using Student's unpaired t-test or the Mann-Whitney U-test, as appropriate. Cumulative incidence rates of individual and composite outcomes were estimated using the Kaplan-Meier method and compared using the log-rank test.
For multivariate analysis, the time-updated covariate Cox models were used to examine the association of variables of interest with postoperative moderate or greater TR [12] .
Variables assessed via univariate analysis were age, gender, diabetes, hypertension, chronic renal failure, New York Heart Association (NYHA) functional class, pulmonary hypertension, stroke history, AF, maze procedure, mini-thoracotomy approach and echocardiographic parameters ( preoperative and follow-up; MR recurrence). Variables with a probability value of less than 0.20 in the univariate analysis were entered into the multivariable time-updated covariate Cox models. The multivariate analysis involved a backward elimination technique, and only variables with a P-value less than 0.10 were used in the final model. Results were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). All reported P-values are two-sided, and P-values less than 0.05 were considered statistically significant. All statistical analyses were performed using SAS software version 9.1 (SAS Institute, Cary, NC, USA) and SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Patient characteristics
Patient preoperative characteristics are summarized in Table 1 . Four patients (1.0%) with moderate MR underwent MV repair for eccentric MR, resulting from chordae rupture detected echocardiographically. AF was observed in 79 patients (19.8%), with 68 of these patients (86.1%) undergoing concomitant maze procedures ( Table 2) . MV repairs were classified into seven procedures. All patients underwent ring annuloplasty, with the details of the other techniques summarized in Table 2 .
Clinical outcomes
Early postoperative mortality and complications are summarized in Table 3 . The one early death was due to a massive cerebral infarction. Clinical follow-up was complete in 385 patients (96.7%), with a median follow-up duration of 48.3 months (range 0.13-148.5). During follow-up, there were 21 late deaths (5.5%) and 17 major complications (4.4%), including 11 reoperations for MR recurrence (2.9%), three episodes of infective endocarditis (0.8%) and one warfarin-related haemorrhage (0.3%) ( Table 3 ). The 11 mitral reoperations were performed for significant MV problems, including the recurrence of severe MR in six patients (1.6%), the development of mitral stenosis (MS) in four (1.0%) and systolic anterior motion of the anterior mitral leaflet causing MR in one (0.3%). The 5-year overall survival and major event-free survival rates in these patients were 97.3 ± 0.8 and 93.6 ± 1.5%, respectively (Fig. 1) .
Echocardiographic outcomes and risk factors for postoperative tricuspid regurgitation
Of the 395 patients who survived 6 months, 355 (89.9%) were echocardiographically followed-up for more than 6 months postoperatively. During a median follow-up of 44.6 months (range 6.0-147.3), 34 (9.6%) patients experienced moderate or greater MR and 16 (4.5%) experienced moderate or greater TR. The 5-year freedom from moderate or greater MR and moderate or greater TR rates were 88.3 ± 2.1 and 95.3 ± 1.5%, respectively (Fig. 2) .
Multivariable Cox regression analysis showed that male gender (HR 3.83, 95% CI 1.28-11.40, P = 0.016), NYHA functional class III or IV (HR 2.64, 95% CI 0.88-8.00, P = 0.085) and preoperative AF without the maze procedure (HR 10.48, 95% CI 2.49-44.21, P = 0.001) were significant risk factors for postoperative moderate or greater TR (Table 4) . Freedom from moderate or greater TR according to the performance of the maze procedure is shown in Fig. 3a .
Time-updated Cox regression analysis to assess the effect of postoperative AF on postoperative significant TR showed that the postoperative presence of AF was a significant and independent risk factor for postoperative moderate or greater TR (HR 14.56, 95% CI 4.46-47.58, P < 0.001), even after adjustment for gender, NYHA functional class and the performance of the maze procedure (Table 4 and Fig. 3b) . The late recurrence of moderate or greater MR, however, was not significantly associated with postoperative TR even in the univariate analysis (HR 1.9, 95% CI 0.53-6.82, P = 0.32). Out of the 16 late TR patients, three patients (18.8%) were part of the late MR. Of the other 13 patients (81.2%) who had no MR recurrence, eight patients (61.5%) had postoperative AF. Of the 10 patients with postoperative AF and TR, only two had concomitant maze procedures. The relationships among preoperative rhythm, performance of the maze procedure, postoperative rhythm, postoperative MR and postoperative TR are shown in Table 5 .
DISCUSSION
MV disease, including both MS and MR, leads to increased left atrial pressure (LAP) and ultimately to secondary pulmonary hypertension, which, in turn, may result in RV remodelling and TR [13] . Relieving RV pressure and volume overload by surgical correction of left-sided valve disease may decrease the progression of functional TR [14] . Thus, although surgical management 
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of moderate-to-severe functional TR is widely recommended, a mild degree of functional TR is expected to disappear following left-sided surgery alone [15] . Tricuspid dilatation, however, is an ongoing disease process that can progress even after correcting MV pathology [3] . Furthermore, MV repair or replacement itself can lead to mitral annular distortion, another potential cause of increased LAP [16] , and one that can contribute to the development of TR.
AF has been associated with the development of significant TR after MV surgery and is closely related to early clinical outcome and long-term survival [2, 7, 17] . Chronic AF has been reported to induce mechanical and electrical remodelling of both atria and to increase systolic pulmonary arterial pressure, resulting in further RV dilatation [5, 10] . Persistent AF or a failed anti-arrhythmic procedure may have a negative impact on the progression of TR. Thus, the maze procedure is thought to reduce the risk of TR progression in patients with MR and preoperative AF. The maze procedure has been shown to prevent the progression of late TR after the left-sided valve surgery [18] . Because LA dilatation is frequently associated with LAP elevation, associated pulmonary arteriolar constriction may lead to increased RV afterload, right-sided chamber enlargement and TR [18] .
Restoration of sinus rhythm by the maze procedure was found to significantly decrease the progression of late TR after MV surgery, compared with patients with persistent postoperative AF. In a multivariable model, performance of the maze procedure was found to be the only significant factor associated with non-progression of TR, suggesting that AF is the most significant factor contributing to the progression of TR in these patients [10] . Another multivariate analysis found that older age, rheumatic aetiology of MV disease and omitting the maze procedure in AF patients were independent predictors of functional TR aggravation after successful MV surgery [19] .
To determine the causal effects of AF on TR, appropriate statistical methods are required since AF and TR occurring after MV repair are time-related events. Thus, previous studies evaluating the influence of AF and the maze procedure on TR after leftsided valve surgery are limited, in that they assessed the two events without examining their sequence in time or assessed these events at one time point, the last follow-up. Furthermore, the heterogeneity of left-sided heart lesions, rheumatic aetiology, concomitant AV management and coronary artery bypass have been limitations of previous studies addressing this issue. Thus, we utilized multivariable time-updated covariate Cox models and included only patients with MR of degenerative aetiology, omitting patients who underwent concomitant AV management or TV repair.
Our multivariable time-updated Cox regression model showed that postoperative AF (HR 14.56, 95% CI 4.46-47.58, P < 0.001) was a significant risk factor for postoperative moderate or greater TR. The presence of postoperative AF was assumed to be an independent predictor of moderate or greater functional TR after degenerative MV repair. However, we found that eight of the 319 patients without preoperative AF had postoperative AF, whereas two of the 11 patients with preoperative AF spontaneously changed to postoperative sinus rhythm without the maze procedure (Table 5 ). These findings indicate that the most important factor influencing TR progression is not the method used to attain sinus rhythm, but maintaining sinus rhythm itself. An assertive use of the maze procedure, and an aggressive strategy to correct mild TR at the time of MV repair, should therefore be considered in patients with degenerative MR and AF.
This study is subject to the limitations inherent to retrospective observational data studies. This study contained inherent Time-updated postoperative AF was a significant and independent risk factor for postoperative moderate or greater TR, after adjustment for gender, NYHA functional class and the maze procedure. selection biases because the decision to perform the maze procedure was dependent on surgeons' preferences. Finally, sophisticated variables such as tricuspid annular dimension, TV tethering distance and TV tethering area and parameters of RV dysfunction, which are known as important factors influencing TV function, could not be estimated.
CONCLUSION
Preoperative AF without the maze procedure and postoperative AF can contribute to the development of moderate or greater functional TR after mitral repair for degenerative MR. 
